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1. INTRODUCTION 

With the high quick-advancement in technology and the rising in the living criteria, the city 
environment claims are rising as well. That’s why the smart system technology showed up. Every smart 
system combine different kinds of technologies, such as computer, control and informations [1]-[5]. Most of 
the smart system applications preferred the wireless mode, however the wireless mode is used as well. The 
cable limitation issues and the scalability of the system makes the wireless mode is widely used [6], [7]. 
Rajput et al. worked on what is called intelligent street lighting. The problem with this system is that it can 
work only with low traffic [8]. Archana Tripathy’s work concentrate on the sensors and the smart system 
hardware, the researcher made some comparison with explanations of advantages and disadvantages between 
traditional and smart lighting system (SLS) [9]. Lwin et al. worked on a SLS for improving visual comfort 
[10]. The purpose of this work is to implement a SLS for a street that control the lamppost light on and off 
depending on the number of objects passed through the street, in order to reduce wasting energy. 


2. RESEARCH METHOD 
The system proposed in this paper contains 3 active IR sensors that consider as the eye of the 
system. The sensor used to detect the object crossing the street. The system brain is the Arduino controller 
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that organize the system work to take the signal from sensor, process it and sends the output to the actuator, 
which is in this paper is the Lamposts. 


2.1. System building 
The structure of the system was build using several components which will be explained in details: 

a. Arduino uno: it is an open source board that is easy to install, connect and program. It contains 14 digital 
pins with 6 analogue pins an the power can be pluged into it through a usb port or simply connect a 9v 
battery through the charging port. Figure 1 shows the Arduino controller [11]. 

b. IR sensor: an electronic device that uses emitting to sense the surroundings. It can measure the heat as 
well as detect the motion of the objects. The device consist’s of two parts: emitter to emit the thermal 
radiation and the receiver to detect the reflected radiations after hitting the object as illustrated in 
Figure 2. The sensors output voltage will change as how much the magnitude of the resistance will 
change depending on the rate of IR light received b the photodiode of the IR LED [12]. 

c. Light emitting diode (LED): Figure 3 demonstrates a simple semiconductor that has simple working 
principle: when the current flows into it, it produce light. This semiconductor has both P-Type (that 
represent the hole concentration) and N-Type (which represent the electron concentration). When a 
sufficient amount of voltage is applied the holes and electrons will recombine at the P-N junction area, 
releasing energy as light form [13]. 

d. Light dependent resistor (LDR): a cell that belongs to the Photoconductive family, it has a piece of 
exposed semiconductor material. The work principle of LDR is that it decreases resistance when 
receiving light on the component sensitive surface [14]-[20]. 

e. Extra parts: extra parts such as wires, breadboard and batteries. They used to connect and power the 
system. 


Detection LED 


IR emitter 


IR receiver 


Power LED 





Figure 1. Arduino Figure 2. IR sensor Figure 3. Light emitting diode 


2.2. Fuzzy logic 

Fuzzy logic is considered as a very strong tool in dealing with complex problem. Nowadays, the 
deduction role in solving suspicion in engineering applications took big place in scientist’s interests. Fuzzy 
logic was first introduced by Lotfi Zadeh in 1965. His work “Linguistic Approach” and “A rationale for 
Fuzzy control” helped and motivated scientists in their pioneer work. Fuzzy logic architecture as shown in 
Figure 4 has four parts [21]-[26]: 
a. Fuzzification module: transform the inputs of the system to fuzzy sets. 
b. Knowledge base: stores the rules of IF-THEN 
c. Inference engine: simulate the process of human reasoning by making fuzzy conclusions on the inputs 

and the rules of IF-THEN [27]-[30]. 

d. Defuzzification module: transforms the fuzzy set to crisp values. 
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Figure 4. Fuzzy logic architecture 
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2.3. Experimental work 

The experimental work was done in two parts: the first part was implementing a standard smart 
system using IR sensor and Arduino, the second part was applying fuzzy logic for the smart system and 
calculate the difference in power consumption between the two systems. But before that we need to test the 
IR sensor accuracy and how much the system can depend on it. 


2.3.1. Sensor accuracy 

As we know, one of the IR sensor uses is to measure distance. To calculate accuracy of the sensor, 
we used several objects on different distances and used the sensor to measure the distance, then we compared 
it with the real distance, in order to evaluate the error difference between real and actual distance. Table 1 
and Figure 5 shows the sensor accuracy. The sensor performance is accurate and linear, within 0.09 cm error 
at worst case scenario that the object is very far from the sensor. 


Table 1. Difference between real and actual distance 
Object # Real Distance Actual Distance Error 


1 3 cm 2.98 cm 0.02 
2 3.5 cm 3.49 cm 0.01 
3 4 cm 4 cm 0 

4 4.5 cm 4.495 cm 0.005 
5 5 cm 4.8 cm 0.07 
6 5.5 cm 5.25 cm 0.09 
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Figure 5. IR sensor accuracy 


2.3.2. Standard smart system 

The smart lighting system consists of several Lampposts that placed on both sides of the street. The 
Three IR sensors positioned in different spots between the lampposts. The purpose of this is that the IR 
sensor can detect the objects or cars passed through the street. The functioning of IR sensor as shown in 
Figure 6 can be explained as follow: 

a. The sensor consist of IR LED and IR photodiode. 

b. IR Led will emits radiation. 

c. The radiation hits the object, then it reflect back. 

d. The receiver will detect the reflected radiation. The intensity of the received radiation will determine the 
amount of output voltage. 

The sensor electronic circuit is shown in Figure 7. The circuit has: IR Led, op-amp IC, LED and 
photodiode. When the reflected IR light is detected by the photodiode Op-Amp IC will work as a voltage 
comparator, the potentiometer will adjust the yield of the sensor. Figures 8 and 9 shows the actual smart 
lighting system that installed on a street model. In addition, the flowchart of the smart lighting system is 
shown in Figure 10. The flowchart explain the system functioning method: 

a. The object crosses the first IR sensor, the controller sends the command to the Lampposts number 1,2 and 
3 to be ON 

b. The object now crosses the second IR sensor, the Arduino now sends the commands to Lampposts 
number 4, 5 and 6 to be ON. While the first three will be-OFF. 

c. The objects reaches the third IR sensors. The Lampposts number 7, 8 and 9 will be ON, while the 
previous LEDs will be OFF. 
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Figure 6. IR functioning method 
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Figure 10. Smart lighting flow chart 





2.3.3. Applying fuzzy logic on the smart system 
Before applying fuzzy logic to the smart system, the intensity detection must be considered. The 

LEDs are switched ON and OFF with respect to intensity of the natural light. For that matter an LDR sensor 

is used for ambient intensity detection. In this paper we classified the level of lighting to three levels. 

a. Low light; in this condition, only 25%% of the LEDs light will flare. The time of this condition can be 
noticed between (5-6) P.M. at this time the light from the sun will still has effect on vision. So no need 
for the LEDs to be fully ON. 

b. Medium light; in this condition 50% of the LEDs light will flare. The condition is approximately 
between (6-8) P.M. 

c. High light; this condition make the LEDs at full percentage ON, which means 100%. The time for this 
condition is (8 pm-6 am). Table 2 shows the inputs and outputs linguistics variable for the fuzzy. For the 
Sun light the fuzzy set are V.Low (very low), low, medium, high and V.high (very high). For the cars or 
the objects the fuzzy set is (pass, not pass). Finally, the output for LEDs light will be high, medium and 
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low. While, Table 3 presents the fuzzy logic rules applied in this paper. Figure 11 and 12 shows the 
applied input to the fuzzy input. 


Table 2. Inputs and outputs linguistics variable for the fuzzy 


Parameter Linguistic Variable Fuzzy set 

Input Sun light (SL) V.low, low, medium, high, V.high 
Cars or object (C) Pass, not pass 

Output LEDs light (L) High, medium, low 


Table 3. The fuzzy rule base for smart lighting system 
No Rule 





1 If SL is V.Low AND C is Pass Then L is High 
2 If SL is Low And C is Pass THEN L is Medium 
3 If SL is Medium AND C is Pass THEN L is Low 
4 If SL is High And C is Pass THEN L is Low 
5 If SL is V.High and C is Pass THEN L is Low 
6 If SL is V.Low and C is Not Pass THEN L is Low 
7 If SL is Low and C is Not Pass THEN L is Low 
8 If SL is Medium and C is Not Pass THEN L is Low 
9 If SL is High and C is Not Pass THEN L is Low 
10 If SL is V.High and C is Not Pass THEN L is Low 
Bs Ea fc = oes 
Xian am? Xining? 
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Figure 11. Input number 1 Figure 12. Input number 2 


2.4. System software 

In this paper we used Arduino IDE (integrated development environment) Software to program the 
Arduino controller. The software is an open source software, the program written will be saved as a file 
extension (.ino). For the fuzzy logic controller, MaTLab Software used to apply the fuzzy rules for the system. 


3. RESULTS AND DISCUSSION 
3.1. Energy saving using standard smart system 

In this paper we used a model street, however we made observations for an actual street, then we 
applied it on the model street. We calculated the number of cars passed through the actual street during the 
daily hours. We found out that the number of cars passed are as follows: 
a. From 6-10 pm: 88 cars passed. 
b. From 10 pm—2 am: 44 cars passed. 
c. From 2-6 am: 14 cars passed. 

We applied the same amount of objects passed on the module. Using power calculations formulas 
we determined the amount of energy saved. The calculation procedure were: 
a. In the first 4 hours, the number of cars in one-hour can be obtained: 


No.of cars through specific time 





No of cars per hour = nee ea =(84/4=22 car/hour) (1) 
b. Average minute per car can be obtained: 
l 60 a 
Average minute per car = hour __. (2) 





No.of cars per hour ( 


) 


hour 
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=(60/22=3 minutes per car approximately) 

c. Inthe software, we set the delay time for the LED to be on is 30 sec. 
Number of minutes the cars passed through the sensor = 2 =(20 minutes) (3) 


The time period the led will be on = Delay * Number of minutes (4) 
LED will be on for (30*20=600 sec) 


The total Time the leds will be on = Time of one LEd * Number of leds (5) 
=60 *4=2400 sec 


2400 sec equal to 0.67 hr. We applied (1) to (5) for the other operating hours as shown in Table 4. From the 
Table 4 we can see the total power consumed is equal to 1.0848 W. 


Table 4. Comparison between traditional energy consumption and smart light energy consumption 


Consumption Number of Voltage per Ampere Per Number of Power Total power 
method LED LED LED Hours consumed 
Traditional 8 1.2 V 100 mA 12 11.52 W 11.52 W 
Smart (6-10) pm 8 1.2V 100 mA 0.67 0.6432W 
Smart(10pm-2am) 8 1.2V 100mA 0.33 0.3168 1.0848 W 
Smart (2-6) am 8 1.2V 100 mA 0.13 0.1248 


From the Table 4 we can conclude that the amount of power saved is (11.52—1.0848=10.4352 W). this 
saved energy can be used to power other building or wider populated area. Figures 13 and 14 shows the 
difference in energy consumption between the regular system and the smart system. Figure 8 shows how the 
energy consumed in smart system was dropped through the hours. On the contrary the regular system in figure 9 
shows how the same amount of energy is consumed in the same period. One of the effects of the wasted energy 
is the effect in the life time of the Lampposts as well as the cable that transfer the electrical energy. 


Smart System Energy Consumption 


ENERGY 





Figure 13. Energy consumption in smart system 


== Smart System == Regular System 


> 
O 
a 
UJ 
Z 
UJ 





Figure 14. Energy consumption difference 


3.1. Applying fuzzy on the system 
The outcome of the system after applying fuzzy rules is determined according to energy 
consumption with respect to energy consumption. Figure 15 shows the difference in energy consumption 
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between smart system with and without applying fuzzy logic. Figures 16 and 17 show the 3D plot of 
applying fuzzy logic to the smart system, the data calculated shows a great deal of success in energy saving. 
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Figure 16. Fuzzy smart lighting system 
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Figure 17. Fuzzy logic output 


4. CONCLUSION 

The main aim of this work is accomplished. The waste of energy in lighting system solved using the 
smart system, depending on the active IR sensor, and by applying Fuzzy Logic. We can see how much power 
we can save for one street, how about if we applied it for an entire city. We can add more IR sensor or 
instead we can add cameras for more accurate object detection. In third world countries, electric power is 
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consumed randomly due to lack of understanding of power distribution from the station as well as lack of 
awareness of the people to save energy. Thats why smart system is the most valuable option. 
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